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SUMMARY 
 
Coho salmon (Oncorhynchus kisutch) is a fatty fish species whose farming 
production has greatly increased in recent years. Lipid damage produced during Coho 
salmon chilled storage was studied up to 24 days. Lipid hydrolysis (free fatty acids, 
FFA) and oxidation (conjugated dienes; peroxide value, PV; thiobarbituric acid index, 
TBA-i; fluorescent compounds formation, FR; browning development) were determined 
and compared to lipid composition (polyene index, PI; astaxanthin, AX) changes and 
sensory assessment (rancid odour development). Most lipid damage indices developed 
slowly during storage; thus, values obtained for FFA, PV, TBA-i and FR were in all 
cases under 1.5g/100g, 4.0 meq oxygen/kg lipid, 0.40 mg malondialdehyde/kg muscle 
and 0.40, respectively. Odour assessment showed a significant (p<0.05) rancid 
development at day 10, when compared to starting fish material; then, non acceptable 
values were obtained at days 19 and 24. The PI analysis showed little differences during 
the storage time, being the lowest mean value at day 19. AX analysis indicated a 
relatively high content in the white muscle, that was maintained till the end experiment. 
A low oxidation development is concluded for Coho salmon lipids when compared to 
other fatty fish species under the same chilling conditions. AX was found to contribute 
to oxidation stability of Coho salmon lipids, due to its free radical scavenger properties. 
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1. INTRODUCTION 
 
Marine foods have attracted a great attention from consumer as a source of high 
amounts of important nutritional components that could lead to a positive role on human 
health and nutrition [1, 2]. However, in recent years the fishing sector has suffered from 
dwindling stocks of traditional species as a result of dramatic changes in their 
availability. This has prompted fish technologists and the fish trade to pay more 
attention to aquaculture techniques as a source of fish and other seafood products [3, 4]. 
Among cultivated fish, Coho salmon (Oncorhynchus kisutch), also called silver 
salmon, has received a great attention because of its increasing production in Chile, 
where production values round 76,000, 93,000 and 137,000 metric tonnes were attained 
for years 1999, 2000 and 2001, respectively [5]. Thus, most research concerning 
aquaculture production has been carried out for reproductive parameters and genetic 
differences [6, 7]. However, previous composition or technological research related to 
this salmon species only concerns the cholesterol content [8] and the fatty acid 
distribution in fresh [9], frozen [10] and canned [8] products. 
Wild and farmed fish species are known to deteriorate rapidly after death due to 
the action of different mechanisms, such as microbiological development, endogenous 
enzyme activity, nonenzymatic lipid oxidation, and browning [11]. Marine lipids 
comprise by highly unsaturated fatty acids that are known to be very prone to lipid 
oxidation [12, 13]. During chilled storage of fatty fish species, a strong effect of lipid 
damage has been detected on fish quality loss [14, 15] that leads to a negative effect on 
commercial value. 
The present work concerns Coho salmon and its commercialisation as a chilled 
product. Lipid hydrolysis and oxidation assessments were carried out during a 24 day 
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storage period. Traditional lipid damage indices (free fatty acids, conjugated dienes, 
peroxides, thiobarbituric acid reactive substances, fluorescent compounds formation and 
browning development) were compared to lipid composition (astaxanthin and polyenes) 
changes and sensory assessment (rancid odour development). 
 
 
2. MATERIALS AND METHODS 
 
2.1. Raw material, processing, sampling and chemicals 
Farmed Coho salmon (Oncorhynchus kisutch) specimens used in this study were 
cultivated by EWOS Innovation Research (Colaco, Puerto Montt, Chile). The feed 
employed contained 40.0% protein, 28.4% fat, 16.5% carbohydrate, 1.6% crude fibre, 
7.5% moisture and 6.0% ash; the fatty acid composition (%) of the diet expressed by 
fatty acid groups was as follows: 32.5 % (saturated), 27.0 (monounsaturated) and 40.2 
% (polyunsaturated). In December 2003, the fish specimens (weight range: 3.0-3.4 kg) 
were sacrificed by a sharp blow to the head, the gills cut, bled in a water-ice mixture, 
headed, gutted and kept in ice for 24 hours until they arrived at our laboratory. The fish 
specimens were then stored on ice in an isothermal room at 2ºC. Samples were taken for 
analysis on days 0, 3, 6, 10, 12, 17, 19 and 24. Five different individuals were analysed 
by day (n = 5) and studied separately to achieve the statistical analysis. Once fish 
specimens had been subjected to sensory analysis, the white muscle was separated and 
used for the different biochemical analyses. 
Chemicals employed along the present work (solvents, reagents) were reagent 
grade (E. Merck; Darmstadt, Germany). 
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2.2. Water and lipid contents 
Water content was determined by the difference between the weight of fresh 
homogenized muscle (1-2 g) and the weight recorded after 24 h at 105 ºC. Results are 
expressed as g water/100 g muscle. Lipids were extracted by the Bligh and Dyer [16] 
method. Quantification results are expressed as g lipid/100 g wet muscle. 
 
2.3. Lipid damage analysis 
Free fatty acid (FFA) content was determined by the Lowry and Tinsley [17] 
method based on complex formation with cupric acetate-pyridine. Results are expressed 
as g FFA/100 g lipids. 
Conjugated diene (CD) formation was measured at 233 nm [18]. Results are 
expressed according to the following formula CD = B x V/w, where B is the absorbance 
reading at 233 nm, V is the volume (ml) and w is the mass (mg) of the lipid extract 
measured. 
The peroxide value (PV), expressed as meq oxygen/kg lipid, was determined by 
the ferric thiocyanate method [19]. 
The thiobarbituric acid index (TBA-i) was determined according to Vyncke [20]. 
Results are expressed as mg malondialdehyde/kg fish sample. 
Formation of fluorescent compounds was determined with a Perkin Elmer LS 3B 
fluorometer by measurements at 393/463 nm and 327/415 nm, as previously described 
[21, 22]. The relative fluorescence (RF) was calculated as follows: RF = F/Fst, where F 
is the fluorescence measured at each excitation/emission maximum, and Fst is the 
fluorescence intensity of a quinine sulphate solution (1 µg/ml in 0.05 M H2SO4) at the 
corresponding wavelength. The fluorescence ratio (FR) was calculated as the ratio 
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between the two RF values: FR = RF393/463nm/RF327/415nm. The FR value was determined 
in the aqueous phase resulting from the lipid extraction [16]. 
Browning development was measured from the lipid extract at 450 nm and 400 
nm. The 450nm/400nm absorbance ratio (browning ratio, BR) was studied according to 
Hassan et al. [23]. 
 
2.4. Fatty acid analysis and polyene index 
Lipid extracts were converted into fatty acid methyl esters and analysed by gas 
chromatography according to the method of Lepage and Roy [24]. The polyene index 
(PI) was calculated as the following fatty acid ratio: C 20:5 + C 22:6 / C 16:0 [25]. 
 
2.5. Astaxanthin assessment 
 Astaxanthin content was measured according to the Sheehan et al. [26] method. 
The presence of different astaxanthin isomers was checked. Absence of 9Z– and 13Z–
isomers was confirmed; only E–isomers were detected in the present salmon samples. 
Results are expressed as mg all–E–astaxanthin (AX)/kg fish muscle. 
 
2.6. Sensory analyses 
The development of rancid odour was conducted by a sensory panel consisting 
of ten experienced judges, according to Howgate [27]. For each sample analysis, five 
fish were cooked in polyethylene bags in a water bath. Rancid odour development was 
then evaluated on a hedonic scale with numerical scores from 0 (stage of no rancidity at 
all) to 10 (stage where no increase in rancidity is possible); score 5.0 was considered the 
borderline of fish acceptability. Scores among panellists were averaged. 
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2.7. Statistical analyses 
Data from the different biochemical and sensory analyses were subjected to one-
way analysis of variance (p<0.05). Correlation analyses among chilled time, rancid 
odour and biochemical indices were studied [28]. 
 
 
3. RESULTS AND DISCUSSION 
 
3.1. Water and lipid contents 
 Water content of salmon white muscle ranged between 68% and 72% and lipid 
matter was included in the range 4.0-6.0 %. Variations in both constituent (water and 
lipids) contents may be explained as a result of individual fish variation, and not arising 
from chilling storage time. Water content was lower than in the case of leaner fish 
species such as Atlantic pomfret [29], blue whiting [21] and horse mackerel [22], 
according to an inverse ratio between water and lipid matter [30]. 
 
3.2. Lipid hydrolysis 
 Mean values of FFA content (Figure 1) provided an increasing trend in salmon 
muscle during chilled storage, so that a good correlation value (r2 = 0.96; n=5) was 
obtained with time (Table 1). Compared to the raw material, a significant (p<0.05) 
increase was observed at day 17. The final value (1.45±0.36) can be considered low 
when compared to FFA values of fatty fish species stored under the same conditions 
such as sardine [31], anchovy [32] and horse mackerel [22]. Raw fish value obtained in 
the present experiment was smaller than in the case of leaner fish species [21, 29], 
according to an inverse ratio between FFA and total lipid contents [33]. 
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3.3. Lipid oxidation 
 Different and complementary lipid oxidation indices were employed to evaluate 
the rancidity development in the present experiment. 
 The conjugated diene detection did not provide significant differences (p>0.05) 
during the chilled time (Table 2). Diene formation and breakdown have shown to be 
almost the same during the storage period. This index did not show to be sensitive in the 
present experiment for showing quality changes with time. 
 A slow peroxide formation was assessed during the chilled storage (Table 2) that 
led to a good correlation (r2 = 0.96; n=5) with time (Table 1). Compared to raw 
material, a significant increase was observed at day 6, although higher scores than 4.0 
were not obtained during the experiment. Values obtained were relatively low if we 
compare them to o ther fish species stored under the same chilling conditions such as 
sardine [31], blue whiting [21] and Atlantic pomfret [29]. 
No formation of thiobarbituric acid reactive substances was observed in the 0-17 
day period (Table 2). However, at days 19 and then 24, significant content increases 
could be observed. As a result, a good correlation with time (r2 = 0.94; n=5) was 
obtained (Table 1). Again, as in the case of the peroxide detection, a relatively low 
oxidation development can be concluded when compared to values concerning other 
fish species under the same conditions [21, 31, 34]. 
 Compound formation as a result of interaction between oxidised lipids and 
nucleophilic molecules (proteins, namely) [35, 36] was assessed by fluorescence and 
browning (Table 2). Fluorescence detection provided very small mean values during the 
0-19 day period. However, at the end of the experiment, a considerable increase was 
observed that can be related to the TBA-i increase observed in the 19-24 day period. 
Thus, a fair correlation value with time (r2 = 0.79; n=5) was obtained for the 
 8
fluorescence detection (Table 1). As in the case of PV and TBA-i assessments, 
relatively low FR values were obtained if we compare them to previous results 
concerning other fish species stored under the same conditions [21, 29]. 
Browning detection (BR) did not provide significant (p>0.05) changes during 
the whole experiment, so that this index was not found useful for assessing quality 
changes in the present case. 
 
3.4. Fatty acid analysis and polyene index 
 Fatty acid analysis of the raw material led to the following proportions (%): 5.9 
(C 14:0), 20.7 (C 16:0), 7.7 (C 16:1 ω7), 4.3 (C 18:0), 19.3 (C 18:1 ω9), 3.6 (C 18:1 
ω7), 6.1 (C 18:2 ω6), 1.4 (C 18:4 ω3), 2.4 (C 20:1 ω9), 1.2 (C 20:4 ω6), 1.4 (C 20:4 
ω3), 7.1 (C 20:5 ω3), 4.1 (C 22:5 ω6), 14.8 (C 22:6 ω3). Fatty acid composition was 
similar to that observed in canned farmed Coho salmon by Romero et al. [8] where, the 
most abundant fatty acids were C 18:1ω9 and C 16:0 followed by C 22:6ω3, C 16:1ω7 
and C 20:5ω3. However, previous research [9] on wild Coho salmon had provided some 
higher proportions of polyunsaturated fatty acids (C 22:6ω3 and C 20:5ω3) than in the 
present case. 
 Damage to polyunsaturated fatty acids during chilled storage was measured by 
the PI. Its analysis (Figure 2) showed little significant (p<0.05) differences during the 
storage time. Mean values provided some decreasing tendency with time, being the 
lowest mean value at day 19. The PI did not show to be an accurate method for 
assessing the quality changes during the present experiment. 
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3.5. Astaxanthin assessment 
 AX content determination (Figure 3) provided slight differences during the 
experiment that could be explained as a result of differences from fish to fish and not as 
a result of the chilled storage. Raw fish value (8.70±1.47) was similar to the one 
obtained previously for cultivated Coho salmon, but higher than the one determined for 
wild Coho salmon [37]. Compared to other cultivated fish species, actual raw fish value 
was higher than those obtained in previous research for farmed Atlantic salmon [38-40] 
and rainbow trout [41-43]. 
Previous research has shown that AX can deteriorate either due to non-
enzymatic degradation, e. g. by light, heat, oxygen, or to enzymatic degradation, e. g., 
lipoxygenase, peroxidase [44]. In the present case, a decreasing tendency in AX content 
was not observed with chilled time. However, previous technological studies have 
shown that AX content decreases during the frozen storage of Atlantic salmon [41] and 
rainbow trout (Oncorhynchus mikiss) [42, 43], under vacuum packaging during chilled 
storage of rainbow trout [45] and as a result of post-harvesting of Atlantic salmon [39].  
Carotenoids such as AX are known to act as scavengers of free radicals, so that 
protection against the very early stages of lipid oxidation would be favoured [43, 46]. 
Since a relatively high AX content in white muscle was maintained during the present 
experiment, low scores obtained for the PV agree with the mentioned scavenger role of 
the carotenoid compound. 
 
3.6. Rancid odour evaluation 
 Odour acceptance was assessed during the chilled storage. An increase (p<0.05) 
in rancid odour development was obtained with time (Figure 4) that led in the present 
case to a good correlation value (r2 = 0.96; n=5) (Table 1). Compared to raw material, a 
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significant increase (p<0.05) of rancid odour was observed at day 10; then, at days 19 
and 24 higher mean scores than 5.0 were obtained, so that the fish was considered not 
acceptable. 
 In previous research concerning fatty fish species, similar shelf-life times were 
reported for medium-sized fish species such as albacore [47] and Atlantic salmon [48], 
but significantly lower acceptable times were obtained for small fish species such as 
sardine [31] and horse mackerel [22] than in the present case. 
When compared to biochemical lipid damage indices, rancid odour assessment 
showed a very good correlation value with lipid hydrolysis development (FFA; r2 = 
0.97; n=5). FFA accumulation has been related to some extent to lack of sensory 
acceptability [49], being strongly interrelated with lipid oxidation development [50, 51]. 
Rancid odour development also showed a fair correlation value with primary (PV; r2 = 
0.87; n=5) and secondary (TBA-i; r2 = 0.84; n=5) lipid oxidation biochemical indices. 
 
 
4. CONCLUSIONS 
 
 According to biochemical lipid damage indices (FFA, PV, TBA-i and FR), 
rancidity development in chilled Coho salmon was slow and values attained were low 
when compared to other fish species under the same storage conditions. This result was 
corroborated by the rancid odour development, which led to a shelf life time of 17 days.  
 In order to check the lipid damage development, FFA, PV, TBA-i and odour 
assessment were found to be accurate methods in the present experiment. In addition, 
the rancid odour detection showed good correlation values with some biochemical lipid 
damage indices (FFA, PV and TBA-i).  
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 A relatively high content on the endogenous antioxidant AX was observed in the 
white muscle of the starting fish. In spite of its known susceptibility to damage, AX 
content was maintained till the end of the experiment and should have contributed to 
lipid stability observed in the present study. Since this carotenoid is also well known as 
main responsible for the pink colour of salmonid fish species [52], its retention during 
processing should be very important to avoid quality damage, guarantee the consumer 
acceptance and retain the commercial value of the product. 
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FIGURE  LEGENDS 
 
 
 
 
Figure 1: Free fatty acid formation* during Coho salmon chilled storage 
 
* Bars denote standard deviations of the mean (n = 5). 
 
 
 
Figure 2: Polyene index assessment* during Coho salmon chilled storage 
 
* Bars denote standard deviations of the mean (n = 5). 
 
 
 
Figure 3: Astaxanthin assessment* during Coho salmon chilled storage 
 
* Bars denote standard deviations of the mean (n = 5). 
 
 
 
Figure 4: Rancid odour detection* during Coho salmon chilled storage 
 
* Bars denote standard deviations of the mean (n = 5). 
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TABLE  1 
 
 
Correlation values (CV)* between the chilled storage time and the different parameters 
analysed 
 
 
 
 
 
Parameter 
 
 
CV 
Free fatty acids 0.96  a
Conjugated dienes               – 0.17 b
Peroxide value 0.96  a
Thiobarbituric acid 
index 
0.94  b
Fluorescence ratio 0.79  b
Browning ratio 0.61  c
Polyene index              – 0.45  a
Astaxanthin content              – 0.81  c
Rancid odour 
development 
0.96  a
 
 
 
 
 
* For each index, lineara, quadraticb and logarithmicc fittings were studied. In each case, 
the best correlation value is expressed. Significant values (p<0.05) are written in 
bold print. 
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TABLE  2 
 
 
Assessment of lipid oxidation* during the chilled storage of Coho salmon** 
 
 
 
Chilled 
Time (days) 
CD PV TBA-i FR BR 
0 0.61 ab 
(0.08) 
1.17 a 
(0.37) 
0.02 a 
(0.02) 
0.13 c 
(0.01) 
8.83 a 
(2.85) 
3 0.57 a 
(0.04) 
1.59 ab 
(0.28) 
0.05 a 
(0.06) 
0.10 abc 
(0.03) 
8.34 a 
(1.20) 
6 0.65 b 
(0.07) 
2.32 bc 
(0.09) 
0.02 a 
(0.03) 
0.09 ab 
(0.02) 
10.00  a 
(2.16) 
10 0.58 ab 
(0.03) 
2.35 c 
(0.74) 
0.05 a 
(0.04) 
0.06 a 
(0.02) 
8.94 a 
(1.18) 
12 0.59 ab 
(0.07) 
2.50 cd 
(0.68) 
0.07 a 
(0.04) 
0.06 a 
(0.02) 
10.30 a 
(2.21) 
17 0.60 ab 
(0.04) 
2.69 cd 
(0.53) 
0.07 a 
(0.05) 
0.11 bc 
(0.04) 
11.25 a 
(1.84) 
19 0.61 ab 
(0.03) 
3.00 cd 
(0.24) 
0.21 b 
(0.08) 
0.12 c 
(0.03) 
10.31 a 
(2.06) 
24 0.59 ab 
(0.03) 
3.80 d 
(0.72) 
0.36 c 
(0.17) 
0.37 d 
(0.06) 
9.53 a 
(2.95) 
 
 
 
 
* Abbreviations: CD (conjugated dienes), PV (peroxide value), TBA-i (thiobarbituric 
acid index), FR (fluorescence ratio) and BR (browning ratio). 
** In each column, mean values (n = 5) followed by different letters are significantly 
(p<0.05) different. Standard deviations are indicated in brackets. 
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